Since mining activities require a lot of water and also increase population of host communities as a result of influx of workers, water resources in mining communities must be efficiently managed. This paper considered the various factors affecting water supply and its distribution in the Tarkwa area, a mining community, to find out the possible reasons for the inadequate water supply to Tarkwa. The maximum flood discharge for a reservoir constructed along the course of the River Bonsa was computed as 81.34 m 3 /s using the rational method for the estimation of peak flood flow. The volume of containment of the reservoir was also calculated from hydrographic surveys data to be 25 456 m 3 . These results were analysed against the water demand vis-a-vis the current population growth. Also the condition of the equipment for pumping water both from the reservoir for treatment and after treatment to the storage tanks from where water is supplied to customers were considered together with the capacity of the treatment plant and the booster station at Bonsaso and Tamso respectively. It was concluded that the reservoir has enough water to meet the demand. However, the problem of inadequate supply was traced to non-regular power supply to both the treatment plant and booster station from where customers are served.
Introduction
Water is indispensable as far life of both plants and animals is concerned. Water is used by man for both domestic and industrial purposes. Different sources of water exist; such as rain water, underground water, surface water from streams or rivers and fresh water obtained from sea water through the process of desalination. Earlier studies conducted on water management in southwest Florida (Anon, 2001a) have proposed and implemented water resources preservation and management programmes in certain parts of the world to help protect springs, watersheds, aquifers storage and surface water all geared towards achieving sustainable water supply for current and future water supply needs. In southwest Florida for example, water conservation projects have been developed to aid reduce demand for water and increase efficient use, and to recognise the need to developing new water sources which include water conservation and reclamation (Anon, 2001a) . In most developing countries however, not much efforts have been invested in water conservation projects, although it is becoming increasingly difficult to meet the water demand. The campaign to conserve and manage our natural water resources has not received the needed attention, as some people continue to farm along our natural water courses, while others engage in illegal felling of trees along the water shed. Some mining communities in developing country are faced with challenging water supply problems.
Tarkwa and its environs is a mining community with four mining companies with a cosmopolitan nature of population, having its inhabitants being predominantly either mine workers or providing some services to the mining companies. This community is however faced with inconsistent water supply and hence the water company cannot meet the demand of the people. Some of the major factors that may be attributed to the inadequate water supply are decreasing rainfall, lack of a proper water distribution system and population growth. This paper therefore seeks to investigate the factors identified as the possible causes of the problem of inadequate supply and distribution of water in the study area and make recommendation for improvement.
Methodology
Various studies were undertaken to estimate the volume of raw water available for processing (Antwi, 2007) , the estimation of the amount of water used in a community (Kusi, 2007) , the cost of producing treating water and the quality of water as against the standards set by the Environmental Protection Agency (EPA) and World Health Organization (WHO) (Odai, 2007) . This paper considered the size of the containment of the reservoir that stores water for treatment, the quantity of water available (that is flood discharge) for processing, and the water demand as against the amount supplied by the water company and finally the pumping capacity of the available pumps used for propelling treated water.
Hydrographic Surveys
A hydrographic survey of the Bonsa reservoir and its immediate catchment area was carried out using the following instruments: a total station, targets and a sounding line for the depth of the reservoir. X, Y and Z coordinates of selected points were obtained together with the surface level of the reservoir at the time of observation (Banister et al, 1997) . The hydrographic survey was conducted to determine the volume of containment of the available reservoir.
Computation of Volume of Water in the Reservoir
Computer aided design software (Surfer) was used to generate a Digital Terrain Model (DTM) of the reservoir bed as well as its surface. The inverse distance weighting point interpolation technique (Anon, 2001b ) was used with a weighted power of two (2), as the default value to model the river bed.
Varying the Z coordinate to correspond with the surface water level, a second surface was generated. By selecting the End Area method of computing volumes between two surfaces, the volume enclosed in between the surfaces was be computed as shown in Figure 1 . The End Areas method was then used to compute the volume between the two digital terrain surfaces created (Jones, 1998) . The first surface was defined by entering the locations (X, Y), the identification numbers of the defined locations, and the elevations (Z) for the bed or the floor of the reservoir from which the bed elevation model was generated. The same procedure was repeated to define the water surface, in this case the locations and the identification numbers of the points remain the same but their elevations were made to correspond with the level of the water surface as at the time of observation. 
Flood Discharge Estimation
A topographic map at a scale of 1:50,000 covering the Bonsa River catchment was acquired and the upper catchment of the River to the reservoir was mapped out (Antwi, 2007) . The rational method is one of the most widely used techniques in the estimation of peak flood flow and the design of suitable structures to accommodate it. The rational method was employed in the computation of the total flood discharge of the River catchment. In this method, the magnitude of the flood discharge depends on the following: the size of the catchment area, vegetation and soil type, catchment shape, available storage in lakes and swamps, and land use (Watkins and Fiddes, 1984) .
The total flood discharge was computed with the formula: Q max = 0.277CAI (1) where Q max = design flood (m 3 /s), C = runoff coefficient (between 0 and 1.0), A = catchment area (km 2 ), I = mean intensity of rainfall in mm/h during the time of concentration.
The catchment area was computed to be 40.22 km 2 obtained from the topographic map of scale 1:50000 using a planimeter with a constant of 1: 2500. A run-off coefficient of 0.70 was used (selected from Appendix Table A1 ) considering a situation in which cultivation is taking place along the banks of the river, having steep slopes. Ideally, a flow duration curve constructed for the Bonsa River is required to determine the flow measurement over several years of observation. Since this information is unavailable, the duration of heavy rainfall during a typical flood producing storm in the area was used. The hypothetical values from Appendix table A2 were used with recurrence interval of 10 years, constants a and b being 66 and 0.2 respectively and n a factor to allow for the retarding effect of different surfaces on overland flow being 0.73. The Rainfall intensity I was computed from a suitable depth-duration equation as follows:
The value of the constants a, b and n were estimated from appendix Table A2 . Time of Concentration T c is the time required for the most distant part of the catchment to contribute to the outflow at the reservoir site is computed using the formula (Watkins and Fiddes, 1984 
Where L is the length of the main stream (km) and S is the main stream slope. Using the computed total length of 108.53 km and the mean slope of 21.51%, Therefore, Q max = 81.34 m 3 /s.
Estimation of Water Demand
From 2005 population estimates for cities in Ghana, Tarkwa had an estimated population of 40,397 (Anon, 2004) . Using a population growth rate of 3.4% , the population of Tarkwa from 1990 to 2020 was computed and shown in Table 1 . A combination of the computed water required and the amount supplied to Tarkwa from the GWC was used for the analysis of water demand in the study area taking cognizance of the population growth.
Table 1 Estimated Water required and quantity of water supplied by GWC
A plot of the quantity of water required based on the estimated population from 1990 to 2020 is shown as against the quantity of water supplied by the GWC (Fig. 2) .
The monthly water supplied by the GWC between 1990 and 2005 is shown in Table 2 and a plot of these figures is shown (Figure 3 ).
Fig. 2 Quantity of Water Required and that
Supplied by the GWC Tarkwa from 1990 to 2020.
Water Pump Capacity
A pair of water pumps each with an input energy of 190 and 175 kilowatts respectively are used at the treatment site and the booster station. Data on energy rating and capacity of pumps used for the distribution of water were calculated to be 220 m 
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Discussions
The computed maximum flow of water into the reservoir was 81.34 m 3 /s, assuming 75% of this amount flows into the reservoir under normal conditions, which implies that during a normal flood period 61.00 m 3 flows per second, and 3 660.30 m 3 of water flows through the reservoir per minute, which is equivalent to about 5 270 832.19 m 3 of water per day. This indicates that for a greater part of the year, there is more water than the projected demand of 4 394 m 3 of water per day for the year, considering 2020 demand (Anon, 1994) . Now, the volume of water in the reservoir when it has full capacity is 25 456 m 3 and can be used for a period of six days assuming no water from outside flows into the reservoir.
The reservoir is constructed along the natural water course; hence it will be continually recharged. From the quantity of water required and that supplied (Fig. 2) it can be inferred that the water demand is less than the inflow of water into the reservoir. This implies there is adequate water supply to meet the demand of the populace. However, the water supply (distribution) is less than the demand. Water from the reservoir is then pumped into the designed chambers for treatment by water pumps which require energy supply. With a water pumping capacity of 220 m 3 per hr, the quantity of water pumped per year is 1 927 200 m 3 . Considering a theoretical down time of 15% for maintenance of the plant, a total of 1 638 120 m 3 of water is pumped per year which is more than the water required even for the year 2020 (see Fig. 2 ). The daily projected water demand multiplied by the number of days in a year gives 1 603 810 m 3 .
1 It was found from the studies that the electricity transmission lines supplying power to Bonsaso runs through some thick bamboo groves hence each time it rains heavily, with accompanying storms, some of the transmission lines get trapped by fallen bamboo tree branches causing short circuits and break in electrical contact with the source, thus stopping continuous running of the working pumps This break in electrical transmission takes a day or two of systematic inspection on the lines to identify and repair, during which period no water is supplied to customers. Thus the shortfalls experienced now must be due to irregular power supply to the treatment plant or the booster station. This can be inferred from Fig. 3 where it is observed that the least water supply to the treatment plant occurs during May and September which is during the raining season. Consequently, if reliable electricity could be supplied to the treatment plant, water supply to the communities would become adequate.
Conclusions and Recommendation
The study has shown that there is adequate flow of water into the reservoir which supplies water to the people of Tarkwa, and also the size of the containment of the reservoir is large enough to satisfy the water demand throughout the year and even during the dry season each year. The inadequate water supply to the communities was traced to nonregular power supply to the treatment plant at Bonsaso as a result of power disruption by vegetation (bamboo) along the power transmission lines when ever there is a rain storm.
Given the adequate conditions in terms of volume of water flow into the reservoir and the size required to contain enough water for supply, it is recommended that the GWC should put measures in place to considerably reduce waste and ensure steady power supply by adding standby generators to augment the power supply during the period of disruption. 
